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0f its fht l>WQ^s garnet fssa Ilia Issg-j fiat 
gM-M tjrp "te ^0% w sMpti laf^  
Ii0g©a sa:iiii- bteaSg s%Mla^ of m^' tiif- lai^ils of 
this MsgQ \im^ vfltlslSf aiwtlseS mM :eaM. fos- l^ ipeedliii 
ftJTposts as: 4^1 pt^ ;|©se swia .^ 
tkB Bhm. riPs fis etrtata 
slMmetsr i;StlQs aM in hiiMimt iip m' sppi?sslat|oa &t eiiS a 
a©Bir© fm'- ssiferior mSmXM^ Emmmg. ttm. rml uUlUy ©f tM 
Jadge®s tl® oMmitissMm m m hmm cm iari 
t^pe is ilfmim feasls «f csi^iisrolai 
sMiiUlities' Irnm %m& 
:Li^ sfeQl£ hTm loag %wtQ3. W iPM !^m ssstfs^al ohsj?  ^
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feuai from wlsiefe tlie relsstite slaiigi^ ter of a 
Ipreiip "Of liogs ss?! Iss pfsfiietQis a. to tli@ MiBt pi'of itsMe 
%SP& fo2?-Essi*&6t Tfill l)« aMlinBiig ts tiie lJ2^ed®Sajf 
- IB tills stu i^fsT-.t relatlmi of .^tasglvtusp ©ffled i^iac?:^  
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!i[5is S33 swiae m©i la this Btti% were 15116eliered Ijy stu­
dents at ulie 1mm Stats CQll©,ge Aslsal Eus'DaMrji' Labors-
torj? dtffiag the period from Ssjptoitssr 1924 to Sareh X930 in 
ti© fai'm eo^a'se imSei' Psot, M« % Islse®;,. Xncluaea 
In tiie gsovp are sows and barrows of tiie foilcssir^^ breed 
clas:3ifieatiGiiB-,j Stj^oe: Jerseyaf. Tans^j^tii5 Ysrk^irej 
BsrltshiS'es "PolattA OliiaEjj. Siester ifhlt© aM IHie neces­
sary 1)6%" ma©mr0ji50:iits of tliese suIb© t^ea by a gradyate 
asBistant or staff sember j«st iffior to ,Blai3glitQr,», fiie fol-^ 
lOTirig list gives ths letter 1)y whioii tliQse variables will be 
designateci: sM tli© BBim&r la whicli thos obtaiaeS^ 
Litre 
A ~ leBgtli ^ fms a polat dii'ectlj feettoea tJis ej/es to 
tiie root of t!je tail* 
B « sliQulder g3*eate^ filreetlp oirer fore 
G » iiffiii widtli greatest wMtSi at feips* 
D = a^ptfi of cli0St * dejitii, St poist jtsst Mok of fore 
l0gs*, 
E » ii^ai'-t. girtk - eiretiTOf^ensa at sane point back of 
fo3?© legs ijsecl for depth of ohostiin 
F « elar-saiofGrenQe. of eannoa *: ^.allest- clremnfereace 
•feetifeeR the hock and pastern j*oints« 
C~ « latarai logaritM of live seigiit after siirisking S4 
lioiirs* . 
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M'tw tli^ masnmBBB WQI'© aeolad b©«' 
fore t>0iog ifi tlB s:t.u4eii&s as s pai't c# tlaeir reipiXaf 
elass i5©yk.fe irariat)l8% tliat llis elaiijfefer 
or ©a^eass s®a£aa?®?0sl;@ m%t 
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eM 10 ilw s^g&t-e. 
% « mtsraS. %&!;0^i%'m ©f the i?atio ©f tfes of t.2'ia«' 
msS. l3t'30.E liv# tOlgiSflfe. 
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.4:9 is &Mw is pssibi© tisa ia.6fe; of 
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X% Ig tliat- tli0 'Sa- 'o© ^ssi^eS 
"So tl'ie immt iM^f^m% wiatfMs IE' ©sMmMxiig, tlsa per ®mt 
qf sshoaMa  ^ (:^ ) a» mm' mMimm ten tm mf of tht ©tlie  ^
in mt Imt&X mxt^ 
ms^ig t%l l^ i? % 
MiSSg,, BB pm' '&mt Ss asioimteS for -% is-ngtii (jf lse%|. liegirt 
gisls  ^ai^  l^^ smsf^ sEse i??3ai? amam IsQim  ^ ¥as?tess 
j©<5tras'<3s as 'Is 'sSi^ mtuUmB: If^W' BpfQd^&d migM Is© ms© 
t)iit o |^50slta 3ass !2%li5 sa msessar^  fji aiioiasar stiifli- siBoe 
&om sf srsgressisis. amtii^imM tsr® mt 
tlesllsf 
eiifllBAL DiSglJSSlOI 
A ses'li.iimt ip«?^tios 50 ee timm • aai 
astaiaiJS? \m fe- sfwiw m€ft if fcy 
'Siss sfets* uaa fe ^ t^esiaiis  ^ I&® s'alat iass 
h& t^mmi tiis s^eatsa tKSd:^  ssaaisumaswfjs asd slaiigldjss' 
6f£i<Jiess5y and# fasa i&mm to tlss siosl 
ficiaut; 1  ^ilasusght^  ®3 st ipMe Ife ps^sncej-s of 
i^l£© mi pasls©:? 
In tfe f:a2>5B' ©t %.li©:- stjp^SBiiSE etmaMoss 
f0f MMyaatiaf siaisgM® ©ffii8S.eagf,^  li? :^ ifesalS B«-
tliea-. €i ssii|<3a?' ia i^xiaX lasMml2t|, i^ & m<^m%i&m m SO 
•jssfiB® ilsirisig tits j^usrlsiisg' 'Slmm m$net minimi ' 
ffcii X7B to- SW mid: im4 h&m Ib -tli# lots 
Stsi!;® 003.1605 a«Bat Saljoqja-fej;^  ISi^  
saiils w®?© Bmm ^ M-Q&sb 
^5CJ:g|s0 %M slss^gl?s@l^^ 'MimtQ. Wlutm It to 
ttl M ^BlmsM%&i m tii© (£' iiss* 
)mmn sM su$t fof tliat- imm emiXi 
Qspeafea to Hs mUm^ ism 
•til©- ob0srt?e}i Ya33i©.s gat MS; <5l5s^?-aS mmm of asllmt©*. 
Fsf % p2? mit- sf MB wm^ mt 
IMW'^ sbB0j;ttt0- "mlm '&asi til© ot ©atfeels* 
•tfrt > 
Os tlm Msia iiaiisjilsg -Igis fjsr e^5«|; M aMtit 
68 m tiEat Ms gpsales* ^I'm "BUm 
mm- -DmhuWs te tlis fast tiat !il$ ksgs rmi^M Sa ¥«sig!it 
tsm 1M ptm^ ^ S?5 ig tg;® mm of 
iMM^ tn of g^a:ti3St aeisirsoi's  ^ 2W 
of ?4j po? 3i2St of t3sa '02?i?D2's of aatlsati© d.M 
3tat 0S0@§i! tlie sf 0%s>liits 7a3:tB  ^
Ite tasjm 3S for gsljs f©2f surii^  80 jits? aest^  
• *Bm of tsis test IMIcatt tfiat ttere 
eerteifi sssgssi^ g af 
s l a s g l^ ssr.©ffi.sd©st^  'HMt  i s m  1 m  s f e f e i  1 3  % M  M M I  Q f  
till© 3?^|pi?e0sloii fesaetioMs:. tlrnm ©qi^stlms mi im 
tO: preai<Jt fx^s ssaadrsG  ^ C ms Ilwe MQ It© siMaglit^ -^
0ffleldjisf wiil l5g«, 1,1; i® i59Bsi!>ie %lrtt t!ior© 
^0auati0!is mxili %®. s^caiml if mtn tmT^- e^sS,?^?ts6 st a ;f!Siid5:^ 
fMnt t>f ^m '^^ mtlmm soisli fe© 
feiimi sst I3i®' stittfag m^M- hm ®rQ ?tiifaj??s Siis t& 
pert. If bt %Tii^ tm j^tpstitm is. 
fGm m%!it pTQtB- ef VMtm lis of sstse far 'Ijliat 
sirlteGa t??ii% tl® mmlti^ -sf tliis tstaSj? Imw 
it was isf 6 t0sl a^pllf CI teSsg if^ isa as  ^ llsr® 
l0we Stat# S3lltg@>.. I to % i^ SSs. k festea. 
asst tepartis0iit frog  ^wm ® -stsi^ sat mlxs&. d^iging 
SS 
^atsst.5, spes all s«3^& flsitQg's# 1 pes ef 
fmw &Qgs rsEifiii^  f20fs l,8i lK3 SiO pomiclu giwi«M». 'Bmso 
mirnlB mm as l?s ^assasging ps  ^mnt 
sm€ thm:& wsr© .gMaglite^s ,^ aM mmsMx^ 
lis tie 'SMeap sr fctiwestsyjs -Bie aetsial 
Qii^  of ©moll wae tisii tle'tssnalimi. aM slaoijigs ©f tk@ 
S!oa:t®s-fea  ^ lp (^2g4 .^ 
Siso© ll^^se mimtB wq MSMS. st Ilia s&ile^,© iMh^ 
oi'sfeii^ a tlie mial B -^assji'«3?sei^ s mm taJsaii |t3©.t p.tior to kill-*' 
ii^ A fMfee f30a^®;«lsts ffsc# tl»  ^®-ltiS3? MIQ: pteesfl 
Vim 6Bti®sl0 on tlis feasis £>f t^ iastng ps* ssmt m ^ 
tests of ei^t«^sfe w&ismi, m%^ elwts ^ivm in tti© s|)|iQfiMx«. 
ftee •s©sf% the mSmM m th&t, siij/ 
^^mts0l «M,lt% as Jia%® I^d SMJt Into ttim  ^
pSsoiiig OS tijcf &t pm? sgt^e^ ssastlgr wiuii 
liat fmu %im slsi^litar {lata* tm- Msls of 
t-1®: -p&it tes Isitt iEq'^ i27 mxrmilM 
l^ j@r0 §as |.eB0 "iiasi om fiesi aifC®mQSi Is •sat'OK  ^ %=^alrjs 
of tills, 
S0- far S10 tQsts eC tli©, 5®-^ o<| giu'® m'^Uimm m te its 
bsprs ^ laogs f&i'' SSis- ©l),Ja-ot of 
11  ^.stu%;j 'mm^mrsf. m^ t® tf' %% p^esltj^ M to 
8^08'.t tjrpe- of Ii£  ^ §3Kt€li:®  ^illgllSSt pSi* ©mt 
sf tosif^ aai feae&a as a guM#' Iter tM of' 
s§ 
limalcet isogs®. It muXi wy SlffiGmit a eos^glts 
piQtmm. of tlie sufst ©fflefeat Blat^g-hte^ m tM h&sM of 
t?ii€- rasijlts r€ 'feia iBstMSg, a saoo% 01ilm 
gilt aM a sjioatfe gilt tee^. scro ponsds till 
M Qcistmstafi# 
fl50' i3h©3.0© @f tii'©s0. tts gills we© especially fortanats-
for- tfeai? t?®$g!je4 wetlf tlm mm afta* s&rliilsisg 24 MwB mi 
mm Cmmmi wMgiit. m^s the sais©®; M M.t3® of rela«» 
aelglife mxCi, Isagtli of the lli?#. smitole «isii 1)© seetsfoS fros 
figtir© M M-@a fkm %mis%ii$ .a;M sf 
tlie- ii'#aa06, tan l3© imn ftg^m 4i % 
ftet fias atieU a gm.ut iiJ^es^ses- is tte aff^ anee ©f tii® eas?-
sa.s00's tlisl sev<si?ai anlisai i!©& as^serl to 
%li© cliffensao© ia w«&ight Islm tmi 8'-areasBes«. Tm. mw*"-
?ms' tm p0?s4% 
"fi^ ese mFm$mB we® jiot spill fit Js tl®© hntg 
tfe© iBa-iis liaS hmi Mm ^^%- ints 
Ilii?0a |«stts|: tM f2?o»t tii€. m€i liiat ow^' 
f M s  W f  i s  t ©  s 0 s i 2 ' e  i n .  i t j i o f e ,  t l i o  
w'^ Bt^ ^m psspsf'tioi'i of mi!0i© ani faS Is tke tm- t|pss e&uM 
ISatlw 4lffisrsaem isi re%©et BWB 
••€kmn in flgisre® t to § iaoltssiw#. 
'S'i© tipEil, asagiE'^ ssmt-s tol^ a Mfore 
mimM tmm « is?sa« ,^let ia 
S "? 
f mE IS 
©f Ss© silts 
'1S30x^a miiKss Qf 'iia w^t^m lai#|©».S©sl mila&I<3-s mm 
ir.e4 l0i fee se«K^'mfMe istel;® IfMtas IX 'SI Imlx^im) to 
mtlmt''$..^ . oa. tlie 1)asis of tlsla- tlia.' 
lof gilfm Biss"© palsies tQg&fh.& ritli t?ie co-^  
cfe0:(isf"?ea i? t^es && gi-f® is fable X«3» 
tmM 14 
0l5sas?*?'s-i aM istSrsatet of 35si50mss: 1^lal)20© 
tm sows 
Mm mM mM 
^ 5- •QbBa^'iJM ^ lStfeate€ 
% aa«8i £S«0a 
Li mm 
:u a^i® Qjsi 
% IM iS'J, %S9 
S« 30^1. s§*oo 
liWll;r'^ lJw^ '^w>lll^^^l^l^^lllllAlr!^lf^•^i^i^l^<»»a<r^^Hl»'^ l^>»<^J>^^w«W»«!rlylto»wwwl^^•iJ*^^^lul^lUl7^ 
Op f>r; 
flis •esliMt'SS. m& tm- Qf fm tim 
elQgt3l:i:^  fMS t@st f»'?«(© 
KOtlilSg it of 
t40 fw iSit tw tilt® is %*pB^ 
ttm ©fe-iTljs as W:^l witM o?®- as wltii %lm 
studies QS steld itmJMQ la 
arMitiQE tfe ^'psr QQftt IoIb at ieas% If paesilj'Sja^: eoispelt.© 
imas^?© e£ ,s2st^ MQ3? isiQl.M|% ©iiifele as€ lae-^ lljlo effal 
ai3 mil m nil i^getss- o^ats. r»litmli M- Hits pj^sse-^ts a 
nwtm -Of fa®: t®' is i®it prie^ of 
msi^m it'sas &% mm t© t!t@ Mff^mim in 
f»s Um.  ^ • j|c0efes'.|r ..elssi® mst ©f tit® 
% .§S' »*» 
ot a mUiB jjaraass is M Vm- h®ssj Mina sEid 
feaeoa.s a mmim ef vslm- laseS tm tliam m1|;ht "os e«i'^ 
fie.lmt# sr^at ml^ht to giwm«at of the tow itmrn in 
sMslsg ?Jp til© Goii^os'ltt^ is a, tlfflstilt quB-stios aasssj?^ 
SssB wsiijis!;- basst m awage fi'im mm- Sefisit© periol, 
wotiid ,wtrs mly tli.at or aastlm? mm 
mltitim ystloma Sat^al weiglit fosp ese^ MM isi no TBilmt 
thB mMtiwe mlm^ ^mu9& of tlig^ gtfttoltjss a 
ocfjsp^stte was m% s&ssS in 
11© rasiiits of 1S5,ts in .gaseral €isae 
stmttes sStfe t» e:K8©pl:fe55s# &a§ it 
IxroM tifteaisas is miM. tim €rtlssi®> i© 
irsl^is st toljf as si basis a>3? sFefiistirm of p55?«. 
fmrnim or p3?sd:t50%l-0s*; 
fiB -^sttw ill ai m^llm!' r«iporli«i a, 
•sIgsititlGtmt in ds'^sslii .pr ' in 
sfe% ti® mssjll sssfl® th&&s^r MM tM saalfsls of 
?arigsaQ0 nm H©: tmM tiiat M Ifea MM of tag 
foram^ pap'®- si^ Jeetsi Is tis© ©asss=:: tis tim atts 
of t!i0 fsmamt pi^ w !ia^©  ^ '^$00 tl:^ e-remsM te 
ao- e035fll0ts , xa otJiap iwt®,; %1m m& mt |jfO« 
^©1^ in. %1»- ilglit .of SM93S. stalietieml s>^l!j©as^ 
IS e ewM pspsr lllmaita iiSSfe) test iiffersis# 
reportfi. liilflit Estill fee sigaifls&it if rafeliisstei to III© sjom 
eritlcaX analysis meS in the pr&sent papers. I'ii© liogs used In 
that c-asQ fed aiii fitted te win tlie ccaitest and also to 
02:a?iplify type eo-GOpte^ far tlseir mspmtlve breeds®. If, tlieaj, 
there are cllfferencaa tsi eondltlon of tlie Ideal fiaislieS hog 
for tlis irario«s breeds, in dressing per ceat 
muM probahly oceiar for Hr&BBlng per cent is hlgliy ooi^related 
wltli e0Miti:Q% 
file of perforaaECse in the pme-mt paper are made 
at sfeort raagQij, that is,;,: l>ut S6 ts 7B feeeivsae betweea 
tfee maasK^iJig of the llir© hc^ aad t&j weigliJjjg of the earcaes 
eut.Sjf 'SM' •pi'eatQtiom of Ltjslj ,(1931): w©re sadQ' at ratlier long 
rangjs.j, tl\6 fsetlsg-periM 4!it:.e2?^at£ig hetmmn tte tiffis when 
ths mamrssBTits vm'& t^m aaii tfeat w&ea, tlie gains t^ere 
thB "acGi dents" 0£;tt\jtrltio» aM otMr GHvlroii-
meHtal facfe.!?®- ljulbre tli© feed: :?ard tha 
fesiiiBg' period Hiiglit ssriOTasly d.etract' fmrn tli© ^ali© of t5a$ 
meascireKBHtB as- a fe^sls for it sserss,. 
tliat aiffrn'-ent cioncliisiQas as tke' relatioa of 
IWffl asS fimetioii S3%M ©agiXy froia tm stuaies*. 
ilsll, aat ilSSl.) who m eo^eSation Isetfieen 
fcn^si asil egg«^ls2?-i33g aMllt-f iti tte iSori^stiis fowl were 
to pE^Siet a MgMy specialized pfe'/siolc^ical fimsMoii fiPQS 
8aafe®icai meamr©K©ats^^^  ^ xelatioa Iset^ wsea. BH^ taeasur# '^ 
asats aiiS egi'-'iaj'iBg wotiM ot '^eassity be mtf oemifiez m&-
Slfjtsst liiss-m"' %S!% is ws ]^ w .^1&^^% 
§t\i&j are- sppttxist© Sir-©8-t iM^sss^ssa i^Sts oi %M s?sr$3s-s 
sfetofe ar^  m mm&imB of gMag'i/itgr 
I'M tlis m%Amm aai Sismsset Q:Mm^ fits 
mjsr mmh&tmtB iys.m smm tm hu^mim ho(^ 
1# 13m B:mm is i&t -gtx^mUm &f 
hm mi, immti^: - %1m mmmiA of tmm mi^ 
tim Issstr- asismit s^ 
% f!i§ of 
Iis!%, 'smd flBlr rmlsssiss: ©a ttass  ^are 
g:iw & faMs-
S,«; 'SJ§ s0^a® giafi slao- l!i0- fei^ aE & aot diff©i* sigrilf i« 
esE^J  ^III ffisjsi tMseisg |)0r %lm& i% tlie o^s -^msa §.it*^ -
temmm m IM^ ttm muM m to saiap  ^
•lit S%ii2f le®it r^ t^lloaa %€l;sf0egi tsessar^ Dmts aad 
m'-t&lm Qf' .sSai^ Mjer' A& i®.t? bs 
gspressfi i& 3iijil.tlpi0 2:Qgr©;ssiea 6c|uatiojis- as aflcieaesS tj^' ttm 
a:%Bifi0ast aulfeif^  eoetfisieiitu aaS ^QgE ,^ssi0aS',» 
&#, Ssj Meal tfp fer m iMMste-S "bf tliis 
g-fei^  is elsfise4f aiipixgglmt^ si eitli®' a 
iiiSj'Tlt'aai of @- MFi t-Mt %b isi m&n miiMtim^s, og? m 
#f a. bscofi, 1>r@0i fe i:a satli#  ^ li%h GoMitloa 
feiit tkQt 
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mm Mumm of rmmm is a t x i tssm yiim 
: BIJg^BOPOmfieiAfS FBi?|JEIfaiSS 
flis cf tfe- s5-f is: mmmnlj 
% till# -fe mm&^- WM- twa i^ ss-ttossj M Ui® mt^-^ 
Ml %M% is-^- I© It mte to m&nm that iija 
'mm fe6©i -^m fwm tM mm. arid tei Is 
Hit ^sriasts  ^Cff %i0 la feiologiaiil tfodt %im first 
f|ts®sfl©B is IS t'jite t&mt M 
tM% 1% is tli^- 17£S? lassie 
•:^mtm tMu wiaii8@- mmM. an®' M tke 
fofm} I'Siat la tiie mm^9 
Ills msHiod Of9i'«, H,-^ - % CMlof 
Statlstieiiiist,. lotlmisslsfs; stati®#;, 
m Mi l38s». 
g|¥©ii, tm ss tlisa: ©f aaal^ slB li* t?srla»% -|t Ms teea 
%• 'll©s©' Ijafesrastea f^ iiaariij I-e 
!l®'ti?0f't!i©|is.sis.5. it Ms frotsi. to- M- as l^j 
a pwei?^  ^asd tmiM im tit e^wimm l^, 
teta %t a|jpMM w^f ts 
iata fM serious fi#j,ta of 
As p4 te mli tes pmamtM msglBt^ -^  Is n 
p$i>ei7 felt Ms s|j"|©a;r6iS lis: |?isjs to t|s0 m a 
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tool in the analysis of various pro 1)161118, Lately, theorems 
and proofs covering some phases have appeared in papers pre~ 
sented by 'jsrorkers in Dr» Jisher's laboratory at Eothamsted, 
Since this is true it is nearly impossible to give definite 
references for the various formulas and theorems* Instead, a 
bibliography on the analysts of variance will be presented as 
a separate unit. 
The first part of this paper deals with theor^s and 
proofs selected from the publications listed below. Although 
not original with the writer, it seesied advisable to present 
them as a theoreitieal background for the latter part which may 
be: new. 
The distribution of estimates of variance should be con­
sidered first.. In a sample of n' individuals dram at random 
from a hypothetically infinite, population in which a variable 
X is normally distributed with mean m and variance cr^, the 
chance of getting a set of independent values 
in the interval dx^, dxg, • dXjjt.:, is 
\ <r J dxr--d%^> (I) 
The mean of the sample will be dssigaated by x and the vari­
ance of the saEKjle by s^, that is,, 
- .  _L  V 
and 5^ ^ f^T^) 
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Since (xj - la)^ = (x^ » x)^ + nMx m)^, (1) may Tae written 
j r .  f I _ n'fx-mf i J 
IrFfrtrJ e 2.7-2 e ' dx,---dx^' 
jc / / \^' n'(%-m)^ (n'-Ds^ 
dx,'-'dxr^' (Z) 
IJoWj by using as coordinate axes, n' nuituaily perpendicu­
lar lines drawn tiirough a point 0 ^ the sample point P is lo­
cated by the coordinates x^, xg., » If the hyperplane 
+ xg + = n's be drawn^ the point P lies in it« If 
the foot of the perpendicular from the origin to this plane be 
designated as M 
OM = xrn< 
a a a  ^  ^ ^  
PM--Yr{^'-sY?n 
1?htis point P may be located by OM^ PM and n' - S inde­
pendent angular functions. This may be seen by analogy with 
the following S-dimensional drawing In which P represents a 
sample of three independent observations, Xi,, Xg, Xg, 
X, 
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Using t3ie above generalized cyliiidrical coordinates of 
the point P, tiie following conversion may be made 
Since the angnlar functions are entirely independent of x and 
Sj a constant will result when they are integrated over the 
entire range of possible values. Thus (S) becomes 
n '  f ^ -mf  p ' - e  
d f - ' C e  2 0 - 2  g  5  0 )  
From this it is evident that the distributions of x and s are 
independentJ that of s being 
In order to evaluat© Ej (4) must be integrated between the 
proper limits and equated to 1, The work is simplified if t 
dxi "• dXp'' TT5fi (6/] ddi dxd5 
'-Tf f; fdj) d0; 3 dxds 
d f '  (4) 
be substituted for The integral then is 
cr 
C 
(5)  
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Tliismay be integrated by parts if L/ - i ^  ^ ond 
dv'te 2 cli, then du = (n' '3)t"' ' 'dt ond 
; M- Ot} 
Tirrr e 2 
Thus 
1-4-^ 
The first term drops out,, the first factor beeoming zero at 
the lower limit and the second at the upper limit,; From this 
point two solutions are necessary, one for n' odd and the 
other for e^ren, 
sueeessive integration by parts yieldSj^ when n' is odd 
u M - 3 )  n ' ' 6  n'-7 n'-O ^ fi> /pL/Uf 
^TFT ir=T "W 17  ^ di 
CO (n'-^) (n'-i)-- (4)(2) _J_ f -(tizjMLl 
, (¥)! 
v/MU) 
l - K  ^  \  ,  ('I 
•> 48 -
n'-l 
[ / -  f n ' ; l )  ^  ,  (d) 
'ifeeik is: mm SU-OOSSMto, iatsgratiou by parts yisias 
// n'~3 n'-s n^-'^ I f'°_ -
^ at 
-u (n'-3) Cn''5)• •' C) TF 
77 n'-1 (n'-3) fn'-5) ' • • (1) -Vf 
' t ~ T~  ^  ^
Z 2 
h!d . n'-z 
(n'-3Jfn'-3}" (0 T ^ 2^ 
-rr 
lEiiliig tUe- 'sbo^s $u>stStEtioii: the esps^easios J^seoiiaes 
/--/( 
-"K 
7'r4^J2 
n^'£ 
2 
(n'-l) n'-2 2 
^ M - ' )  
, r' 2 ^2 
n'-J 
n'-l Z 
- f f f  
(9) 
Sol^a^ (91 for -I gii?55S (8) sinQo C?] and (9) are, identical*, 
SinoB 0^ Is the mm. wlim of -©^ in all psssibie .s^jiplesvj, 
is m mljiased estimate of feaiseiii on e'- - 1 agrees of free* 
dio% StibsMt«tiHg,a tOT a* >*-1,; tiie dist^ibutioa of s my be 
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written 
n ' 
,r I _ /5 )n'i cl5 
of - n-2 T'/H) £ cr- (lO) 
2 ' i 2 J  
Tie answer to the first form of the first question given 
at the beginning is arrived at by eomparing two estimtesj s^^ 
and sg^, of the same variance cr^ based on n]_ and ng degrees of 
freedom respectively, To Eiake this comparison the distribu­
tion of the ratios of the estiimte? of varianee is needed. If 
the ratio of one estiraate of variance to another be represented 
by thel/a, 33^ is equal to the product of sg and theta» Then 
the distribution of sx is 
n jr I - T''' 
2 "^  
n,"' I - n, e's/ IS5, )"''' , 
TJ^ ^ ("> 
for a given value of sg. The distribution of sg is given by 
The distribution of theta laay be obtained by siultiplying (li) 
by (IE) and integrating with respect to sg from zero to 
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as followa 
l^o ^ 
lll^' "2 h 
o  J l ± i V £ . T'mfrk) e TCR-^ 
. WW ^ 
^ n , ^ . n ^ ~ l  Q  n , -  I 
Z n J  n j - r ( ^ ^ )  g n - ' S e  
' ^— d5, 
Tir- (13) r m r ( f )  (n,e'^n')H 
Ho;? if £• a log 8 « qM # « the disti'ibiitida of a 
is: 
•Qi J2z 'f fn. +n,l ii ^ I 
J /  .  gn , ^  n .  '  '  t -V " /  e " ' ^dg  M  
Ife*- FiMier MB a^sigaa^ed th© ifi poiat as sigaifiean!; asa the 
1|) poiat, as, Mgkl^  eigMliCaat# fhese poiiits tor the abo^e 
Sisti'ifetsrtiioa are givoa in i'al^ Xe ?I of t!ie seecfM eaitlon of 
ills, "-Stati s-tiesl MetbodB toi' Sessareii io2?l«ars":t 
la a CQOTse os the aSiemties^  of staliisties given at 
lO'ta Stata Ooilege tliis ISSl stsaaer qyartsrs Dr* Fished' 
teonstrateQ l&mt if aai sg® are estiiaates of tliffer-f 
^3iit '7tirianG«0 and ergS .respectii^ely aafi if aeta fee the tif--
f^enae between %!i© logarltte Qt tl® tm mtimQBB aad 
c%'^5 ttt© Sislif,5,%ut2,&g oC aet Cs) miEUs zeta is tlia.t giistea 'fey 
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The analysis of Yarianee, then, is simply a proeess by 
which a number of independent estimates of a variance are made 
(in homogeneous naterial) or estimates of a number of vari­
ances are made (in non-homogeneous mterial) and by which the 
significance of the differences between these estimates is 
deteriQined.; The niimber of estiiaates to b© ifjade depends upon 
the nimber of breakdoims into classes,, sub'^classes or groups' 
which can be jtade, lii the sijj^le ease of n classes containing 
k individuals each, three estimates of variance may be made., 
!Phese are called total variance;, variance within and variance 
between, 2h©se estimtes made from the total sum of 
squares of deviations from the sample mean and two partitions 
of this total. The portion called within is the sum af the 
squares of the deviations of the individuals from their class 
means and the remainder,, called the between^ is k times the 
sum of the squares of the class means from the sample mean.,. 
If 2 be the continuous variable,, % the samples meanj and 2p 
a cjlass meani Table I contains a summary of the above rela­
tions: with the; appropriate number of degrees of freedom in 
each case,. 
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T/iBLE I 
~~~ " " r  ^ ~~~ r""" — 
^ Degrees of ^ Suais of * Mean Squares 
^ Freedom ' Sgmres *' 
Between Glasses 
Witliin classes 
Total 
Now if each of tlie n classes toe diTrified into two sub-
Glasses j, a fourth estimate of •varianee may be made based on 
the sum of squares of tiie deviations of the two 2-way laeahs 
from the sample moan and the appropriate number of degrees of 
freedom-.^ The sums: of squares for between sub-elasses, between 
classes and within now do not add to the total sum of squares, 
This disc:repaney is the sum of squares due to interaction be~ 
tween the means of the various classes and sub-classes., This 
sum of squares together with the proper mffiiber of degrees of 
freedom is the basis for a fifth e.^ timte of varianGe» 
Th0 thepiy so far is based on the same frequency in each 
cell,; Most biological data have been gathered without an ad­
equate knowledge of or wi%out proper regard for this method, 
or some individuals are lost during the experimental periods 
so that the ideEul of an equal nuaiber in each cell is rarely 
n-1 
n { K - l )  
n K -  I  
K  L  ( x p - ^ f  
I {xrx f 
K Z ( x c . - x )  
n - 1  
nCK~l) 
I  ( x r x ) ^  
n K -  I  
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realized. Certain generalizations, thereforej are necessary 
so tiiat tiie method can be extended to general biological 'use^ 
Grtven n' individuals, each cliar-acterlzed by an inde­
pendent ¥alue of the continuous variable x, which can be ar­
ranged aecordiag to a certain quality in n classes and accord­
ing to another quality in two sub-elasses:s the necessary in^ 
formation concerning them may be susmarized in a S x n table 
as follows, 
•SABLE II 
Q, ^2 ^3 On 
5, ^3 5 
b, 
^3 bp b 
iz tn T 
a, -t b, Oz ^ bz Ci3 ^ On bp f b 
5, ^ t. 5 z + t t  3 n ^ i n  
In this table the a's and b's represent frequencies and the 
s's and t*s represent sums of the •variable x* 
For this discussion, "S x n" tables will be divided on 
the basis- of cell frequencies into three eases. In Case 1 the 
cell frequencies are Identiespi.,. In Case S the frequencies in 
the S-T/ay sub-'Ciasses for each n-way class are in the sam© ' 
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ratio as the frequencies in the 2-way border, that Is, 
®i • ^i ~ ' ® ~ ^ "being positiTe. In Case S the ratio of 
to hj Is not equal to the ratio of 1 to B, The first case 
will he called the case of equal frequenciesj. the second the 
case of proportionate frequencies and the third the case of 
disproportionate frequencies. 
Formulas for the sums of squares applicable to Oases 1 
and S are well loiown. These have been suMriarlzed and ijresented 
by Wishart (1931)These formulas together with their corres­
ponding nunibers of degrees of freedom are presented in Table 
III using the notation of this paper*, 
TilBLE III 
f - "  '  ^  '  • - '  • '  ' •  '  ' T - '  "  '  '  '  •  ^  •  •  
Variance ' Degrees of ^ Sums of Squares 
Freedom ^ 
2-way 
ifeway 
/ 
n- 1 
5^ r' fS-tT)"-
b 
V (5; + (s+jf 
^  O j i b ;  
interaction n- / b; ^a;-^b\ 
5' 7, 
/f 3 
Within h'- Z n 
Total n ' - l  
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In 031'ilm for ttes© foraralas to a® ply to the easa of aispr-opor'-
tlonate fracii^antsiBSj a correetios mmt be introduced Into eaeli 
GBfSvfl. Skis is Heeessai7f beeauss tJie dispOTportioa of fre^mea" 
cles distorts tlie partxtloiis of .stas of squares,,, A qmutiP/ 
whicii otjoijrs in eaeli of thB sorreotio-ne will If© clesigmtea f 
siiiee it m$ snggBstM m a personal intmralm with FisliGr 
wMle he was teaohing &t tiM tJainp^sitgr of Mimasota tteiEg tlie 
sumjaep of I&SIb Is ©auation fom the defisitios is 
c ^ <??/ (5/ + tj) 
{. J ~ I aj + b\ 
I 
a; + b\ 
. ilils Qxums trm 
L at (siTti + -a  ^ "'-5 
wiiicli seiatiGii is evitet tiasi foiiowing ta-bl%, 
urnm m 
a, ^2 
. 
Qn 
5 
K 
. Qz. r* : Of J' 
•^nHn ap-^brf r 
5z iz ^ 3 ^ t j  •^n + tn 
B 
5- i -T  
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border aad internal fxequenoies and tiie borte totals of 
this taljle agree, witli Shose of Tabl®' II,, Tbe jaeans of th& in-^ 
terml cells haire bees r^lacea "by quaatities sontaialBg f so 
aajested tfeat %h© ta^Jla still cJiQeks 'both ways* 
for* tlm eas© of proportloastls cell freq^ieaeies f my he 
as tfi© diffsrease 'oetTOea tJae S-way bordes? 
TMt this is true laa^r h& deJaoEBtratetl 'by solving (15} for f# 
Sines in Oase S = kbji^.j (15) may h& wxittm 
La; KH ^ = 5 ~210] 3;-tt} 
-0r ^--5-^Z(Si+i!) 
--5-^(5-tT) 
f - 5 - ^ ( 5 f K r )  
K 5 - ^ 5 ~ 5 - K f  
K-t I 
K ( 5 - T )  
K+ I 
f -  ( 5 ~ f )  
Staoe e^ual fs^Qcjaeneias aye pro|>ort.iomt%; it is Q-vl-asnt that 
the .at)OY© is tiftie Oa.se 1 as mM. m fm Case 3.*. 
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The necessary corrections to the formulas in Table III 
which will mice them applicable to the case of disproportionate 
frequencies my be obtained by calculating the 2-way^ n-way 
and interaction sums of squares using the ad;justed internal 
values of Table I? and subtracting them from the correspond­
ing sums of squares obtained from Table II. These corrections 
are for the S-way sua of squares 
for the n-way sum of squares 
f'-Z "i bj f 
/ ? - / • £ )  a j i b j  
and for the interaction 
In case the frequencies are equal or proportionate these cor­
rections become zero for under those conditions (S - = f 
and = I bj 
/7 / 5 Qj 
That it might be necessary to use correc ti ons in the case 
of disproportionate frequencies was first brought to the 
writer^s attention by som worlc by Brown (19SS) on sex, genera­
tion and initial weight of ^me rats used in nutrition es^eri-
ments in the Foods and Nutrition laboratory at Iowa State Col­
lege, She found the sum of squares due to interaction to be 
uljicli-g, lis liot fs?r Qm of tM' 
fai?.cl®s«5atal of ttis of smlg-sis <jf 
Is t&at ^soSa ^ssrtitim €>f eaia togs-iir^ ss? siitk felsa 
ipiiiCS' of &£ fi^<3&xm. gliaXl %s htmlM 
S^' ai of tifeij of tli© |)Qgiulstioiw  ^asgatlTO 
of smaas-tas l^ ai fe> a iss^gatiir© farlaaes asu l^ ssca to 
€S liaagifisgt" ^eiJEtltss W&isli IB ouS-sifie Siti realis 0-f 
Xa tMs stE%® iJSeUji ^metasss Mim offsr^ ed islilsa 
mimi^  tlij sst&M of as6lL2?sls. of f arls i^e ta isel^ Me tise 2 z 
•|»"ol,@' Im'^ i^  dispo_p:^ $ieffiat0 fretp®8sie.% 
M -m illustg-elism of tiiis aM as & ipM# ta fts 
tki fSflMjisg mrn^. is gifm  ^ 3ai tM© tlm 
teQOd aM of tte a? ^<3xgl^  of Isaoes 
1:o 15TO iseigi^ :t cC' & ©siiM5 mm la tiB writes?% opfe  ^
im% ijC}e#si3  ^ •QBlm'UM.t^m tar- €e^©£Bialisg sims of sqiiaree 
a^© gm&tly fs'isixi&fiteft 15  ^ tiis tsljslar ssliensi, 
liMi -eell lE t!ia mmlslB of iim liEi©s«. fse BiE&ers of 
lifee-, iinss tiM tlB isjfm'ssti-e.ii ss ttea 
fra^umG -^
SI® cjf tM i5b3«ir?at|jjas 
% mm of tlis of tli0 
4# r<iia of tm- sawed asKi 
hf tiB' ts&r0xm&^ 
.% il%m B mMm lia® 4| stia of s^tiar«j0 of ciani" 
vutim ism jmUisv 
- 58a 
V 
33 
^6.55 
51 
96 < 
%$h 
25.90 
5 ,^0X7600 
jy 
k 
7A2 
1^^599600 
1^1, ga.45 
2, 
11 
3 ,^20 
9 
17. 
3^' 
JU 
000 
ISB • 192 
S^7S9 3^042 
mJi970( 3 • t$6Mzm 
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60.JW5 
ISlvll^ SOO 
j.ao 
r, 170800 
LiSM 
MjsM l.Igj - i-ini^ l)(60.10) - ( 

B : 15 35 • 12 ' 171; 
as.ll $6,90 23.3s 35l»73 
27,1.00209 33*Oh^7^ lS0.3^$m 2^5.551000 6i^ 7.69SX 
Sj^a. • , Sii2SM ' , MiSM 
*3690(50 >.305^0 Mii'Sm .212^74 .^1555 
ii- ,. if-f 23 J6S. ' 
:. 90.5a • U.70 . 7B -^09 
%6.90  ^ m*3?^¥0 l75,2%gO0 95«$5O«I0G 1^^56.7965 
Mmm -^ • <: ./• :SMsiE 'iiM;* 
>095000 • :^ •^, .ifgggi-• .$0^172 :/;, . .729086 g .^Jl-565 
IS 47.• -ga 55 ' 53}; '': 
SBM, .157,48 , 70,02 1055:^ ga • 
ii4.0^52ao • 103421100' p3.5$Hm t^ iMi^ m 
.613000 1,^ P3&0 : ' • . ..999^0 : \ l^ m^S 
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fim- tistal Sim Df is tte ifslm .Ui lim tiw <},f fM 
timm ristit«»!3ss<  ^m'ssr a© gsa of Is 
mlum M urn fim. Qt t-a© iS Satea^ior 
eall%. I3t to eafewMla tli® of m^mrm dti© ^ 
mi iaferaetida @e sjna  ^ Tm^ ars 
Z + Z 4^« of TT^^B ia Xim four sf 16 tatoTMi 
i^ ^1 0 l^ls 
* 2 
y (^I'^'til » mm Qt ^mlum is Use 4 of S lor^ ler colls 
a; -f £?/ 
^2 -T-2 
— V of •ira^ms $M lfa@ 4 of S ksrisp rnllB^ 
/? V 
BimB' til® &m. t^0prGpc3'i?tl#mt%, tlEra®- rnoFS  ^
b© «3ala?ila%M mm. in 4stefi3iiif% 1M •ms^mti^m'». 
and I and^ (s-TT 
n-l-P a;-hb( 
fli®' xraltieg of tfe S as^a 
2 '^ + = zos>£.mo 
' ^ 0SZ;!856 
^1 f 
= Z09LaS(Sd 
•^ f"- •- M(i.\5&6(05zmf 
- •iZ48 
Z ^ ^ f -  =  n z . 4 d s > 0 ( . 0 5 z 8 & f  
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--,3145 
fl + & ~ & ^+S> 
--Z0%&SGd-Z0%4n44 
=.4ZZ4 
With the first three values above and the: teIib in line 
4 of the Iwer oorner cell., the •uricorrectecl suins of squares 
are calculated as follo.ws: 
for sex 2091.8968 - 2091^4744 = .4S24 
for breed 2092,1856- - 2091,4744 -,7112 
for Interaction 209Si:7460 - 2092,1856 - 2091,8968 + 
2091.4744 .1380 
The eoxrections for the distortion aue to disproportionate fre­
quencies are calculated as follows: 
for sex „42S4 - .3248 ,.0978 
for breed ,3146 - w4824 = ^,.1078 
for interaotion eSStS - ,5146 = ,0102 
The correoted sums of squares are thsn 
for ses ^4224 ^ ,.0976 = >S24S 
for breed .7112 + ,1078 « ,8190 
for interaction .^ISSO - ,0108 « ,1278 
These correeted sums of squares are used in the conventional 
table of analysis of yarlanQe-^, 
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TABLE YI 
f ? 
t D/]T 1 
» t 
Smis of 
Squares 
% 
Mean 
'' Squares 
{ •  
^ logg MS 
' 2 
t 
' 2 
t 
Sex 1 ..3248 .5248 -0.,5624 1,3365 
Breed 7 ,8190 ,1170 -1.0728 0.8261 
Interaction 7 .1278 .0182 -2.0032 "0.1043 
Within 517 11,7426 ,0227 -1,8989 
Total .533 . 13..014S 
To test tlie significaaee of, the variation la yield of baeon of 
tii8 two sexes,,, eompare tiie between sbx BBan square value >3848 
for one degree of freedom mth the witiiiii mesn square value 
,,0S27 for 517 degrees of freQdda»: Tlae value of Zj one^iialf 
tlie differ encQ of the aatural logarithms,> is 1*3365 wliiie tlie 
point value is .approxiiBately •95« Clearly tlie aifference in 
production of bacon of the two sexe.s is, ..highly sigEifieant, 
Comparittg the between breed value ,1170 for 7 degrees of 
freedom with the vrithin value :,0182 for 517 degrees of freedom 
the value of z is -found to be ,8261 #i.lle the 1^ point value 
is approximtely It is saf.©;, therefore, to say that the 
breeds differ very sigiiificantly in the production of bacon,: 
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For the interaction tiie 'sralue of z is as compared 
to the 5^1 point value :.,36» This leads to the conclusion tliat 
the variation in production of bacon of the sexes is not sig'» 
nificantly different, from breed to breed,. 
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